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.progp&m costs is omitting an important component of prbgram evaluation.

|><‘

-+ -

+

-

Cost-Analysis of NSF Sponsored Programs' )
o An Exploratory Study ) . "
i A ) S : A
Jane E. Stoller - o
University of Minnesota’

l‘\\\¥:_ . Intreduction —_—

§ -

Costs are- shadowy figures hoverdng in thé background

"of. evaluation, spectres that come to haunt those:who U ~

» ".

. tried to ignore them, Janus-faced figures more elusive -
——than the*most ghostly of the mental entities to which
the’ hard-nosed enpiricist. oqucts in the scientific
- context, and yet the very substance of the hard-nosed
empiricist‘s position in the management area.
(Sqgriven, 1973)

.

. T
n . . <

'BIn thfs rather eloquent sentence, Scriven has emphasized two crucial

)
> -

points concerning cost-analysis in educationaI evaluation. First, program

< rd

:costs are dn important aspect of evaIpation. The evaluator who ignores

’ I L .

ki ‘

The decision-m:ke who neglects to consider program costs is’ basing his

»

decisions on only'partial infotmation and consequently, rigks the

possibility of errqrs of‘judgmen\\\c.' : o - f e

“ 2 L4
- -

The secontl point $criven ‘makes concerns tlre extreme diff%:ultyv of both

obtaining cost data amﬁ_defining éostsu Costs are generally classified as

-

direct or indirect. ' Direct costs include such things as salaries, tuition, N

~ -
- S ‘ — . 4 .

and materials costs. These are not as difficult to'define as to, obtain. "°‘

’r

Indirect costs are a bit more elusive. They are.difficult to both define'

’

and” obtain. Overheéad and preparation time are indirect costs.. If a.teachen

-

decides not to take a summer job in order- to attend a workshop, this is an”’ *

*

indirect cost. If an institute attendee devéiops an'ulcer*attributabTJ'to

L4




partiqipation in- the program, this, too, is an indirect cost. In yiew of

» ]

-Thq problems with- meaeuring indirect costs, this study is concerned mainly
-J.._‘ bl R .t . } .

e L with direct\costs. , o : '

. - -
’ . ; - -

. ~ -
y .

:.:i_ mhe present study is a twd—pait exploration in cost-analysis of *
R ol
National Seience Foundation (NSF) sponsored prdgrams. . The two parts*

‘: LAl

g represent differeng,aspects of "effectiveness.". Part I is concerned Fith

- ‘f ..‘.;.» ~ .

P participhtipn\and~eaposure costs. "Participation cosg" for teachers is the

. \\
v—’

. cost*of prbviding;dne téacher with the opportunity to attend an NSF

"'\.«."‘5 ool -

“sponsored ﬁzogram. Student "exposure-cost" is‘the‘cost for one student, to

N y « ('/.-—’ . ' . . .
receivexthe benefit of‘a teacher s attendance. s

.
® . . "\\ . L4 .

N The}second part of the study is éoncerned with determining the cost

‘.__ . «

=~ o ¥ '-ﬁ"'.d‘ .

"of varioua;outcome measures for teachers participating in NSF sponsored
‘-"“ o' ."—\‘ e / IN

programs and’ fpr students who are affected by these teachers. These

-~
» -

[N
o * .

meaéurEs are pérhaps more crugial to’'a cost—analysis than participation and

.

exposure costs. ,It "is one problem to determine the cost ow,providing a

-4

- ;o'?‘; - hd
o teacher with the opportunity to attend a workshop or an insti%ute. It is

L S I A .

-2

- an altogether different issue to determine if these opportunities are

_producing a positﬁbe cliange in\the teachers and the.teachers' students,
A ]
and if ‘so, what these g!(ns are-costing. Various NSF sponsored summer
» - 1 Lo
< A}

institutes will be examined'in terms of these gains. - A

.

.

" These e¥amples by no means-exhaust effective ss measurest. A com-
prehensive, long-ranged cosb-analysis would take into account such, things

. .
as occupational choice of program-participants, increased earnings, benefit

to the national Interest, etc. - But these measures are beyond: both the scope

.and interest of this study.
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PART I:

.

'PARTICIPATION AND EXPOSURE, COSTS

-

The Portal Schopl Concept

4 -

- ~—

.
-

\ *; L] » » ’ .t +
.The Portal Schoof Projeg% of the University of Wyoming was chosen as a

IS 1

case'stndj.for this cost-analysis for two reasons. First, the project is

an innovative example of NSF ponsored prqgiams Secondly; estimates of -

@

]

both cost and effectiveness measgres were available.’

\The ‘Portal Schopl Project was a part of one of five~pr9grams to

-

receive'funding under the NSF Comprehensive Grants ﬁ?ogram in 197l For

those interested in a detailed portrayal of the Portal Schools, see

‘Evaluation of’ the Portal‘School Program (Bracht et, al., 1973).
~ . & - - - .

pnrpose of the Portal School progran is to assist schools’in the ‘Wyoming

,region’to‘EEvelop their sapaci
N A

;5 for self-improgegent in science and
I‘ . A

mathematics education. The program is operated by the Science ahd

r ‘

Center is staffed by the College of Arts and Sciences and the College of

\
"The SMTC is the focal point of both sclence and mathematics

. A
educational research and tteaeher training.

.
~

iree steps exist in the formulation and implementation'of a Portal

e first step involves assessing the needs of and formulating

.
.

z .
School.

objectives for participating school districts. Representatives from the

district meet with the coordinator of the Portal'School program. If the

LA -~

decision is made to implement 4 Portal School, the toordfhator also assists

°

in thj;selection of the Portal leader(s)‘

The second phase- concerns the training of theSeﬂleaders.
R,
g campus during

Generally,
prospEZZIvf leaders are broughg/to the'University of Wyomin

A minitute follows a generally unstructured

o

the summer to attend a minitute

o>

!
, } Y




. ’ o N ‘ . s f ' -4 A
, . 4
environment. Prospective Portal leaders, being aware of the specifi¢ needs
¢ - L4 - 0
[ P - .

and'general Portal School plan of the district, are informed;%bout availabple . \\

H
~ [

' materials, faéilitieS‘%nd faculty, ard permitted to explore alternative
¢ - ot

\ ¢ ‘ . Vo -

! programs. e miﬂitute lasts anywhere from one to six‘weeks'.l THe end

i

result is a detailed work.plan for the particular P?rtal School.

After the Workshop plans have been approved and the leader(s) T e

1

Y certified, the leadek(s)’ return to the school district to conduct the -

. ~

'y 'Portal School. Portal School workshops are conducted.at dne of three ) . ¢ ¢
levels; exploration workshop participants may examine, one or More)curricula; ‘
’

: implementation workéhops prepare teachers to implement a specific curriculum

‘ and; creative expansion workshops allow teachers to modify and e?band upon

'
\ . +

- curricula. . ' ' ) .
¢ . -

LIS ! ’ ' \ ° %,
Each workshop’ carries one, two or three semester credits from the o

- « S
‘ Univer51ty depending upon whether the‘TSO minute sessions are seven, 5
eleven or seventeen t1mes, respectively. The.duration of the workshops is. \'
. determined by the needs of the pa;ticular Portal School. '; o o )
! . e , < t - ) ,
. ' . ) .
) 15 . Financing the Portal School , "
R ¢ . ~ ’ . . . ) , 7‘ J‘
Introduction » : <, ' -
. f' In the: evaluatipn report (Bracht et. al., 1973), sources of Pdrtal

. -

School support and types of _expenditures were described in detail. Figure l,.
presented.below,,is a modified version of Figurg (p. 45) taken from that -

- ‘ A *

report$ “The present study will expand this effort by providing cost

v

.
)

figuras for a‘three year period, l97l to 1974 The sources of»support-(i.e.;'

. financimnl resources) represented in Figure 1 are described belown .
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* " NSF Contributdons’ . ; . L

’ . . - o e
' ' NSF funds are used mainly. to train Portal leaders. Othér uses are’ \ -
e » S

the salary and travel expgnses of the- coordinator. Thelatter is used in

-, setting_up Portal Sdhools. *Cost figuriZ?WEre provided by the SMTC. The

figures were taken from thenfinancial reports after completion of the 3

. project. ; * T es T ) . ..
. . ~ ’ N ' ) v ) ) / -
" * " NSF funds were granted to, Support science workshops. No money went
- ox
deirectly for math education.- However,:-a percentage of the tuition paid by

science participants reve’ts back to the SMTC (see "Local Contributions"
on next page). ‘Qome'of this money isfusej/;d’initiate workshops for - -~
mathematics teachers. In essence, then, NSF money f;ys the foundation for

. ™ ‘both science and-mathematigs wdrkshopslk Both science.gnd math«participation

..

hoiirs (defined. below) are therefore included in the agaltysis. //_

; i . ‘ | A
I T T, L , AT . M
University Expénses . Y ' i

-
-

N P

The service of the SMTC are fssential in the operation of the Portal
Z?he SMTC psovides staff, facilities and materials for.the

School Program.

training of Portal leaders. Occasionally the Center lends materials for use

:

in'workshops. The figures for both university expenses and chal contribd—
tions are estimates prpvided by the SMTC of finegsial contributions“tq Ehé s

entire comprehensive program. "Most of the money, however, went to tvé
- /

~

Portal~School Program.k University figLres include released timekfor faculty
2
and staff as well as small sums for materials.o Because" only a small portion

.

o : | \-
was used for materials, the entire sum was distributed proportiona yAin the

'

calculation between .science and math participation hours.  The feéling was'

K
S

+ . expressed, however, that slightly more money was spent on math materialsu
) N . . . * L v

- The latter had to he constrdcted while science materials were generally
. ' 0 & .

packaged and obt&ined economically from the distributorsl_. r '

-~ . L4 L -
¥

~ 7

~ ) -

L4

AN




. -
’ . ..

*" Local Contrihutions . .
. o

®

) The.operations of “the Portal.Schoois are ‘greatly debendent upon local

district .support.: For example, the university charges a tuition fee at
k4 N o .

) the rate of $20 per semester credit for any Portal échool phrticipant.. The

K .

SMTC estimatés that over half of the tuitioh fees are paid by the school
- , e -
districts. The other‘halﬁ is paid by the teachers.” Tuition receiyed by

the SMTC is distributed'as follows: / a

3 .
. ~, .

30% stipends for Portal leaders

30% held in reserve for school s&stems to  purchase
-additional Portal. School services . «

404 revolving fund of the SMTC ' N

.
4

Tuition is not the only expense incurred by the school districts. They

must provide facilities for workshops as well as-matefials, texts, etc. -

N

Estimates of school district expenses were provided by the SMTC These .

*

figures -were obtained from a sample of 1etters estimating expenses from

Y.

participating.ﬁ\hools. These estimates are direct costs end include such

N

vthings as travel ‘for participants, kits, texts and other materials.

o

/
Science teachers pa{ticipating in ?ortél School workshops Jdn 1971~72 *

and 1972-73 were sampled to obtain estimates' of expenses that they them~

v -
selves\were required to pay. The most commonly listed expense was tuition.” -

.

Estimates of tuition are included above. Other expenses included minimal -

-

traval texts, etc. Much of this was reimburs;d by. the district._ In ) ‘

-
‘

essence then, reported, non-reimbursed teacher expenses are negligible and

. * . j

are not.included in this’ report." - . . X
“ : .‘ L. -’ ’ [

, ‘ Data Collection ) L =

.
A Voot .
L . . )

Cost figures fors the sources of financial contributions described abeve

are presented An Table i. As menfioned above, sources and estimates of threse—
) . .

“©y

L]

-

)
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(- o 2

figures:f:e obtai\ed from the staff of ‘the- SMIC. Explanation of some of

‘the other figured list\d‘in the table is necessary at this point.

\ Figures for workshop participants are also listed in Table F The
figures presented have been r;pnded Becauss;of rounding etror the
N \ . ‘

ambitious réader who decides to recalculate some of the measures may derive

L .

, slightly different figures ©A. teacher semester refers to one teacher

; - . .

’ - < 'S
participating in one Morkshop regardless of the number of credits received
N\ . . .
and regardless of the number of other workshops this hypothetical teacher

—
attended Participation hours refers to length. in hours, of the workshops_

(l.e., length.of‘the session x number of sessions). Minitute attendees are

ot

.

hot fpcluded in“the estimates. : - e ' B
; ’ : . . . SR
Workshop participant data-'data were ' compiled*from various sources. Some .

- . dv_',
of the data was gafhered personally by the author. Additional data were '

}nt by tQ,/SMTC staff at the request of the author., Still other data were

"~
~obtained in conjunctron with anotherastudy being conducted at the b{j}nesota -
°Research and Ewaluation Project (MREP). ln addition, a partial list of t
woﬂkshop participation flgures hg? ‘been compiled by the ' SMTC 3&€ff for their -
own purposes\ Lo « . - o ' . - '@

.

Because the qniversity records were nohrkept in anticipation of-this

type of study, complete accuracy of figures is difficult to obtain Where

"

duplicate data were ayailable from both the SMTC and the author, crosgs-
fhecks were made. Various dath categories for 1971-73 (E gy l97l—72

.
elementary math) were discrepant frém zero to approximately ten ?ercear'

The only large discrepancy appeared between the duplicate figures for l973-’

74. The SMTC estimated 1,564 total teacher semesters (sub-category data -
2 A\ P

estimates were not.available?, while the authon estimated 1,765 teacher » N

semesters. These data were gathered as an afterthought,to.the origina} two

oo \@ . ’ . A
) ] 11 ,{’ . -

»
Ny

v

=9
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.

Estimates qfiExpendituﬁes and dptcomes,fo; the quéal

Y

a“ -
’ * S A
Number of Science N
Teacher Semesters

Nmbgr/:f:.uath_
‘Teacher ‘Semesters

~ Average Participation \
» Houfs - Sciegce .
Average Participation .
Hours - Math

NSF Funds _
~Estimated University .
N Funds

Estimated chai ¢
Contributions

Total Oosks L

%

Cost/Teachér Partjci-
pation Hour SF

Cost/Teacher “Partici~ -
pation Hour - qual

Uéage Rate of Curricula

 yeats) - 197172
: . " 1972-73
' 1973-74
1974-75 ¢
Percentage Who Useg .
Program at-Least .* ¢
. 0ncé'%y 1974~75
. NSF Cost/Student
(initial and subsequent

»

years) $971~72
L.t 197278
BN T 1973-74
oo 197475

{ -
Wl _
Estimate g

t

e

e

"(initial and .subsequent

* . ° ’, [
*PataNot Avéilab¥e for 1973-74 -

3

< < ) ’ “ g 9. -
Table 1 o . ‘
School Program . "
Year. of Program . . ‘
' L 3-Year
1971-720 . 1972-73 197374 - Totals/
- . . <\ - ,Averages
A ) . ‘. . v( V3 . °
‘ N _.‘“‘ N T \ P .
985 ... 3 719 © %939 2643 ~
584 - ___ 1187, © 826 2547 - .
.. l <€ - AN . \.
.39 - 40% 27 * 35 -
28" 27, " 26+ 27
$52,022%  § 88,030 $ 767960 xgq,,mhz.;
. . - v \ . ‘. oo
$ 61,313 § 71,339 $119,275 $251,927.
R ) . . . \ R . . b
$ 82,300 $137,9Q0 - '$194,980- $415,180
© $195,635 .$297,269 ¢ §391,215 -  $884,11%
§ 90 L8 1,50 § 1.60  $ 1.30°
$ + 3.60 ' $ 4690, § - 8.20% § 5.40
462 . e
547, 2 A . .
| ¢ ¢
462 47% .k .
437 . 38% ek .
' '. . s Q . "-.’
- 642 —_— SBZ " /» - . s
& .—" N 5“ > ' " 5
$1.50 -, .
$( .70 \ $2.30_ .. - )
’ $‘ .50~ . $1.10 %%
. [
$ 40 $ .80, By
: - e ' 2 \
N ! n’; N . \
12 ¥ :
) - - ) 7
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.0 <
. - . .

year study, and circumstances.did not permit’ as careful cofsideration of this

e

.compiled by this author is less than three percent.
. - 1

. semesters for11971*74 between the figures providedvby the SMTC and,those.

r

year as the two previous years. The discrepancy rate in total téacher

. e «

1

T, . . . & . .
Figures for teacher participation are broken down by year and by M

. . 3
- . ¥

~ iscipline. The fiscal vear used\is June 1 to May 31; that is,'in,order"
f‘to be~dhcluded -in the ‘fiscal year, a workshop had %o be virtually completed s

by May 31 ‘This seemed "to ,be the most natural break in the year according

J .

/. . ] - v

" to the manner in which-workshops.were-scheduled and avoided arbitrary ’4

A}

decisions concerning which fiscal year'to place‘various workshops. ¥

e - . . * -
. «. Outcome Measures , S S
. ‘\ . de 3 3

-

- Outcome measunES are also. listed in Table 1. The unit used to assesg
: SEwy T ~ ,' )
aosts is’ teacher participation hour. That is, hOW‘much does it cost for ohe

teacher to participate in an NSF sponsored program<for one hour? | This

measure was selected over number of teachers because the latter proved

- S e

misleading. For eéxample, one math teacher might\have participated in a one

"e

credit workshop while one science teacher participated in a three credit

¢ ‘ \

workshop It hardly seems fair to estimate 17 5 houqs of instruction as

. costing’ the same as 42 5/hours. - - »

-, N -
—

A secondary measure,is,cost per student exposed to .a trained- teacher. o

u

The numbexr of students//;fected can-be viewed in one of two ways. First,

. 1

\ ~ -
one—één take &he*position that anyateacher attending a Portal School sub— \

» sequently will have some effect 'on all students (s)he encounters. ‘

=4

Alternativfly; it can be argued. that students benefit only from°direct

. application of part or 'all of a program studied at the PortaleSchool. The

cost per student figures provided in Table 1 are‘hased on the latter

assumption. |, ° . . s .




of - anotﬁ‘r\study being conducted at MREP. Data are not«available on mathe—

\Jne. reason or another, were eliminated from the sample. For the remaining
'

(i.e., supplementary, high or full) was included in- the estimates. Where it< '

- was indiéated that a teacher used a program but neglected to report the

._rural). The latter distinction was not retalned in the calculations' the

Cost per‘student.estimates along with usage, rate (explained below) were
\
obtained from a questionnaire sent”to g-random sample of teadhers who
[} 13

jattended science’ workshops during %971 73.. These data were collected -as part

matics workshops nor ywn science workshops conducted during 1973-74. . L
- ! M - ‘\\ .
. Sampling of attendees was stratified according toyear\attended type of

- \

cuﬂgicula (1. e., elementary or secondary) and type of region zurban vs.

population had been stratified in thisﬁmanner for other purposes. Calcula-“

tions performed beth with and without the urban-rural stratification o

L 4

revealed no significant differences and,, in most cases, no differences at all.

0

Minitute attendees respondents who had slipped into our samplﬁ%yy mistake
t

(1.e.f.math workshop attendees along with people who had never tended a. -

\

Portal School at all) and respondents who returned blank questionnaires for )
, - .
'”;i"‘:‘, > . h . . LI ‘e o
respondents, ‘estimates of number of students affected and program usage rate

are based on attendees' ‘reports of whether or not a program was studied at:

the Portal School ahd subsequently implemented-im the ¢lassroom. Any ' ~

program studied at 6he Portal School and }mpl‘hented at any level of usagi~'/__’,¢r/['

v

I

number of students, the mgan' number of students for users of that strata was

substituted. ] 7,‘ . ~, -
The cost per student estimates take into account that teachers often
1 ' )

attended more than one workshop in a given year. Also taken into account is

the fact that teachers occasionally attended workshops in succéssive years.

Therefore, in calculating the number “of students affected d»ue to attendance ‘




\

at 1972;73§§orkshops, anj teacher who attended a workshop in 1971-72 was

“ -t

e \ Il
" eliminated from'the sample as his/her students were alregdy included in the

1971-727 estimates. - Essentially, then, 1971-72 was thought of in this paper /

-as the starting point of the program; in reali , the program began in 1970.

éﬁ%t per student is provided for each successive yeag beginning with

“the .year ‘the workshop was held. The cost per student decreases each year '’

LN

" because the .initial (NSF) Portal School costj&remain fixed, but teachers _.

-

affect additional students’ each year.;

Usage rate figures are also displayed in Qable 1. Usage rate regers to

’

uhat percentage of attendees (regardless of the numbéfgﬂf workshops attended)
* '
\used part or all of a"Portal School program that year. Usage rates are

provided for each successi\?_year beginning with the Vear in which the work-

,shop was scheduled. In‘addition, a cumulative usage rate, the percentage

of workshop attendees uﬁo had ever used part or all of any program they -
(4 < - - i
- Studied at a Portal School at least onc# by 1974-75, is provided.
¢ S . ’ \

Some,cautionary remarks must be imparted concerning the figures for both
s kS ’ .

-

uSage rate and "cost per student. The figures répresent this author's best
/. : : " .
. estimate of program usage and exposure costs. However, these estiuates'were

“obtained from self-reports of attendees concerning whether on not .they\ had

studied a particular curriculum, subsequently implemented the‘curriculum to

any degree, and how many of tneir.students“were “ekposedQ to the cufriculum..
Anyone who has worked with this type of data is e&afeiof tne”fallibility of .
-the human memory. For example, ﬁany respondents were uncei.iin of the dates
. . they studied a particular curriculum while ofﬁers, according to our records,
§reported dates~incorrectly. Where nore_than_one respondent was available .

'“from the game workshop, cross-thecks were made concerning what the participants

\

studied and when they studied it.

.
— ~ -
- w015
. ..
.
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A second problem concerns the largé numb%r of .non-respgndents (48%)

I .

from our sample. Because a non-respondent's #&tudy was not conducted, it
L) ’ ‘ * '

.

+ X - l g"'
becomes a bit hazardous to generalize beyond ‘our sample.
N . .

-

@onclusion . v
~ N . ¢
-~

It is difficult to make any conclusive statements about the cobt outcomes

¢ . ~

provided fn Table 1.. What does it mean to Say that it costs NSF $1.30 for a
teacher to participate in an NSF spbnsored program for one hour? Perhaps thev
question that should be asked s "Is it worth $1.30 perﬁhour to train ‘a
teacher?" Alternatively, "Is it worth this money to reach the teachers'
students?" A partial answer to this question, perhaps, lies in whether or
not this expenditure is helping to achieve NSE goals. What is $1. 30 per .

hour buying7 Are teachers and students receiving benefit from these programs?-

This issue will be discussed in the s%fond part of this paper.

Another possible answer to this problem is,perhaps contained in a compar-

EIEN -

ison of various delivery systems. A comparisod\of'thie type is provided below.

Aﬁi * !

Comparisoh of Delivery Systems
. "

~

. Cost effectiveness measures provide a meaningful basis for certain

kinds of decisions. Cost comparisons can provide additional useful information.-

iy L »

Table 2(We1ch~and Willson, 1975) provides estimates of costs and effectiveness a4

measures for five:&ifferent delivery systems. EstimaEes for 1973-74 are

-

provided for the four additional delivery systems. Estimates for 1972-73
are included for the Portal School simply because more information was
available for “that year. The reader who feels uncomfortable with this

~>
decision is urged to refer back to Table 1 to make additional comparisons..
! . - . = . .
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kkk . .
Reported by participafts during first-year after -trd%;:g; recegt
. - research suggests these figures attenuate considerably subsequent

L4 ‘\l ‘ i
T, 14
’ ©
;L w Table 2 ° : ‘ . o
i ’ T . . , ‘
. De‘iiv‘ery ‘System Comparison * .
. . : ) \ )
Cr:f:t:erion ::I De'liveéz System .
) L A , .
- Acgessible . OffgCampus ' Collab-~ Portal Summer
. Schools Centg orative School Workshops '
\_\ (Mississippi) " (Notre Dame) (S.Dakota) (Wyoming) (S.Dakota)
. . ‘ ) - . T o
Number of ~ ’ 4% co
Teachers. . 234 ‘v 75 L9 +1906 . 61 .
3 i ’ ‘ “ .
\ Estimated * ¥ , . :
" NSF Cost ©$100,000 . . $115,126 $27,3{+8“ $88,030 . $15,527
Hours of © .
Instruction 45 e 90 38 32 80
-NSF Cost Per " - P SR o B
Teacher Partici~ '@ - R
pation Hours $9.50 $17.10 $7.80. $1.50 $3.20 -
‘ e ¢ -
) . = .
*ekk i *k
Usage Rate - 84% 672”7 962 48% 51% .
Cost Per Pupil .
(adjusted) by : : ki
. Usage Rate $6.20 © $35.90 $14.10 $2.30  $6.70
- N - ’ .

.

-,

* . ' .
This figure repzjesq‘nts teacher semesters. The data indicate that approxi-
mately 13% of science teachers attended two workshops during the year.

. \ B

ek o
For science %rkshops only, : o '

years, _ ; .
* . ! '  J ) o 7( R
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PART II: ALTERNATIVE EFFECTIVENESS MEASURES _ .
- s ‘ . L : ' rf 3' .
: L Introduction . . . a P
. v \ N i .
. l ) ' - ;
'A goal of NSF is to ifctease stientific literacy. Some of their ) LA

)

efforts in this direction have taken the form of institutes for “teachérs.

” »

@

It 1is of interest to determine the cost of participation in these institutes, >

X .
but this is not the complete story. It is also important to detérmine if .

these i\stitptes are,helping to accomplish the goals of NSF; it is important ’

\

to determine if these institutes are having any differential effect on both

-

the teachers attending and'the students that these. teachers affégt.

\ W
Various NSF summer institutes weére selected for study because data are

available, both on program costs and effectiveness ‘measures. First,
institutes will be examined in terms of the effects on teachers partici—
pating in the institute and the\corresponding costs. The second @art will
examine the effects on the secondary audience, the students and the costs
of resulting changes in various outcome m&asu;es.

. L Teacher Outcomes- .~ A ';: -

. N “ o ..

: Outcome ‘measures: for'teachers were obtained during the course of "An .‘ . <

Evalhation‘bf Summer Institute Programs for Physics Teachers" (Welch and ) j;/

Walberg, 1968). Four summer institutes were randomly selected for study. Te
Institutes were selected on’the basis of the following criteria.‘ 1) they
were six weeks in- duration, 2) they began on or after June 27, 1966, 3)

they Were designed for a single summer of study, and 4) they were designed

specifically for physicg'teachers. . ‘ Y . .

2

The directors of these four instiftutes agreed-to administer a pre-post

~e

battery of instruments to the teachersvattendingjthe institutes. The

-

instruments were adminfs€;red on the first and last days of:the institute, «~
¢, et , ' A

A .

- o .
] ‘
h 8 ’
- . ° !
N f
!
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The instruments are describeds below: P

o
. .

TOUS Test'on Understanding Science. Designed to assess

understanding of the scientific enterprisé) scientists,
A »

" and the aims of science. (Cooley and Klopfer, 1961).
SPL.  (Form ﬂe Science Process Inventory. Qeveléped to

-

agssess kngwledge of the activities, assumptions, ethics,

L
5 and products of science. .(Welch and Pella, 1967-68).

L4

. . .
TSTPR <Test on Selected Topics in Physics. Tests knowledge of

-

Physics but emphasized historical, philosophical and

' ¢

interdisciplinary items. \‘Selected Har¥ard Project
-0

Physics Test litems).

.
;- ‘ . ,a

“

over two days and not all workshop attendees were present for all tests., We

" do knoﬁ\thét at leas 154 persons completed the courses. Where‘&t was

‘ of
evident that persong;grom a particular institute missed a particular test,
» -
the mean for than igstitute ‘was substituted for all statistics listed in

Tablep. This seetys :E\ore appropriate; than substituting the grand mean .
because thé%e wet?‘significant differences imegains among institutes. Eight
persons still remain unaccounted for. It is not.known by this researcher if
these eight<peop1e ever completed the co%rSe.

. . 5"& .‘;o
Table ‘3 provides a cost-analysis for the summer institutes. , Figures:
42 4 .ﬁf‘

' presented ingthe table have been rounded and the feader is‘again reminded .

j(

N

EKC

wll Toxt Provided by ERIC

an
s 3

-

A

One hundréd«and sixty-two persons began the program. . Testing took place

«

that any recalculations based on these figures must take rounding error into .

consideration% The effectiveness measyre used is cost per percentage point

was raised on instrement compared with (1.e., . divided by) how,maﬁy\pbints
<

the mean coul& ha e increased up to a perfect score, - The regsgr will note

R
that three sets o cost_ figures‘ére provided This is for the benefit of

.
. 13
- - . ,19 . b
! Y * B

{
u~§§in. Percentage pornt gain essentially means how many points the mean score
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sy

EKC

wll Toxt Provided by ERIC
.

‘ ol ‘
.those\who feel’that the;results-should be generalized to 162 people or,
. A

» for -that ‘matter, should remain confined to those who took ‘the tests.
BN Y '

»

Total NSF costs fo the four institutes were estimated at $166,130.

It must be'kept.infmind when-considering cost outcomes that these workshops
’ . ’ kS . . . - G N Wﬁ

A

vere conducted several years ago. NSF financial pol2cy decisions (e.g.,

reduction of stipends)along with ‘econgmic conditions of the time—(g.g.,'
) .
inflation) need to be taken into aCcount when considering cost outcomes of, o

“

any particular year S

. these measures. The problem to be pondered is whether it is worth $166,130 .

LI

~

to raise 154 teachers three points on a test -of physics achievement. Put :
- . aat , .
3
differently, is it worth $58.50 to raise one teacher, one percentage point onc

.

a %ﬁ?t? ‘Perhaps a partial. answer to this questiom lies in Whether or not . w .

students are rece€iving benefit from their teachers' attendance of these
institutes. = - . v - - "
ﬁ - g

~

A 3 o
Student OQutgomes - %

e
\ - 0
.

It would seém from the previous analysis that ‘these ingtitutes have a -

positive effect on'its attendees. ‘;he next logical step is to explore the

effects, if any, that are transmitted to the students and the corresponding

‘costs. . \\ - - : y

1Y

wr
-

Tﬁe program selected’fbr study was the Harvard Project Physics summer

t
institute held at Wellesly in 1967. Outcomes measures are available from the

evaluation report A National Experiment in Curr&culum Evaluation (Welch and

Walberg7 1972) Cost data was provided by the Harvard Project Physics staff

*
" and includes travel expenses, stipends, instructional costs , and room, board

“and {ncidental services provided by Wellesly. Total expenses were $58,8§7.
- . ) ) ‘ 4
Again, NSF policy changes and economic conditions must be taken into considera~

¢
tn

tion when computing present or future Ggost qutc mes.,

e N -~
- 20 . .
= P -

*eatimated

It is.obvious'that these teachers are demonstrating significant gains on -
S—
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" - " X Cost-Analysis of Teacher Outcomes .
/ /l .’ ‘ » N -‘ * ) i ‘
. . - . 4 "
'Instrument K= 7 ’ . TOUS -  TSTP. SPL(Form T)
Number Test Items 60> 40  _ 87 . -
. i s . K . e
. . Nusber Examinees 147 153 151 . :
¢ . K2 - i ) . . - P
1. Pre-test'Mean (N=154) L4407 T 2333 ¢ 7L.77
" . Posf-test Mean (Nel54) - 46.02 26.40 - 73.21, N\
"', . .Possible Gain (N=154) - . S 15.93 16.67 *15.23 \\/ o
. Aftual'ain (N=154)" O ° . 1.96, . 3.07 ERYY
[0 - ' N !
‘\\ . ,Averlage Percentage Gain (N=154) 12.32\ 18.4% 9.4%
a7 o e . ’ x
- Cost/Percentage Point Gain,(N=154) $87.80 $58.50 S$114,50
. * Cost/Percentage Poimt Gain (N=l62) $83.40  $55.60  $108™0 .
. ) hd . O&_ Al
. ‘Cost/Percentage.Point Gain $88.30  $59.00,.-. $116.30. ! .
T & = No. of Examinees) B coe
~ - ' . :
X ~ . j
. . [ S - N IS ‘
~ o ¥ » =
3 & * o ‘.v N . (J }
. ) R .
‘. . ' ¢ . - . ~ R
) * A, . T ’,
: Figures have been rounded R ]
A TN . N
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" During the summer: a ndtional random samgle of 34 teachers was_brought

" to wellesly for-a six-week'training session on.Project Physicsg a physi%s
course for high school students. The following year these té?chers taught

/ the course. %« variety of. instruments were administered in a p?e—post

.

4
4

- format t\\these teachers classes (N~1583) and to a?control group (N=853)

!
Three of these measures, ware chosen for analysis' Testeag Understandin§

’
[

Science (¥0US), Science~?rocess Inventory (SPI), and Phy ics Achievement

“Test (PAT). The latter is a locafly developed test of general ‘topics in

-

physics (Winter & Welch, 1967) . - -n; - s o
- Table 4 provides a cost-analysis of~student outcomes with regard to the

- 8 o

three instruments. The analysis is viewed in terms g§ cost per perffntage

A

@ .‘ 4
point difference, that is, how much does it cost td\raise one student's
® . . # ) J-I .
test score one é}rcentage point above a control group's percentage point
. . p

. .
’ M - 1l ) \ - . ¢ )
gam . ( - . ; . ™~ < . -

Agaim it would seem that these instituees are having a positive

4'4-.

effect on the secondary audience, the‘students of the teachers attending
an institute. Thdse students show greater achievement fhan the control

group. In some, cases, thig gain is small (SPI), in others (?AT TOUS),
a5 )

the gain is greater. The type of question that still remains is’whether

w it is worth $58,837 to raise 1583 students an average of &.§,pefcentage

points on a Test Of Ugderstanding Science over .and above students whose
.o oo ¢ - . - : . o

teachers had not attended institutes. '

.Conclusdon

3

Obviously, I have addone a great deal of side-stepping with regard to

\"a(

) making judgments of cost outcomes. In partial answer to whether it)}

cost-effective for teachers to participate in NSF spohsored instipgtes,'
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‘e

PAT

40
18.4
24.3
21.6

5.9

27.3%

8,5%
$4.40°

) I3
P N ! *
Table 4
. ‘Cést—Analysis of Student Gairs
- { : S :
" Instrument =\ ' Tous
Y ’ e
. Number Test Items . 1(’ 60  °
Pre-test Mean (Experimental) C 32.7
)
- Post-test Mean (Experimental) | 35.5
. Pésgible Gain (Exﬁerimgntal) %,- ' /27;3
Actuai/g;in (Experimental) 2.8
Percentage Points Gained ~10.3%
5L, (Experimental)
i @
. Pre~test Mean (Control) 33.5
4 Post-test Mean (Control) « 34.5
[ .4 Possible Gain (Control) 26.5
Ac;uél Gain (Control) 1.0
— Percentage Points Gained " 3,82
245 (Control) .
7Percexit_;age Points Df%fefén e 6.5%
) Cost/Percentage Point Difference $5.70
; ) . \
4(‘ 1 .
- L S - r

_‘o 6% e

$61.90
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w

I have looked toward gains on various outcome measures.

'

»
a

”,

In partial answer

- to whether these teacher gains are‘gost-effective, I have raised the point

as to whethe%‘students are receiving benefit But‘given that both the

I

teachers and the students aré gaining on the measures ‘discussed above,, it
- . . ! k
still remains to be deteimined whether or notjthe‘gains‘are worth the

. . . - |

~

It-is not my purpose to'make these judgments. . I have neither the
] ’ . B

-~ - -

- . ) -
inclination nor qhalifications to do so. The real pmrpose of this paper

L e . . * .-
is twofold, First, I_hope I. have provided exploratory information that

. 4
might be useful in future decision-making.

[

Secondly, I hope I have B

stimulited interest”in an aspect of. evaluation that needs both further
[ . N ° .

»

- ! -
attention and exploration. Traditionally, evaluators hive not been .

14

Neither are reqords kept in anticipation of

’

In 1969, Robert Stake had this to say about cost-analysis

in educational evaluation. "ye embarrasses me to admit that I know nothing

trained in cost-analysis.

such analyses.

é;StS. .

Bl

about the measurement of costs."

to believe it 1is.

analyses appearing in .the,evaluation literature.
‘l(' N u‘

1

-

Recently, I have seen both pleas and models for cost—_

e .
. I hope this, is changing and I have reason

I.would especially like to thank the staff of the\SMTC and Harvard

.Project Physics; along with the Comprehensive Project Directors for their .

.
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s ‘-:, ~’ .
R
’

»

v

efforts and patience in agsisting with this study‘and providing information.
( ' 3
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